OC-0270: Study of air density correction for new PTW SourceCheck 4Pi ionization chambers for low energy brachytherapy sources  by Torres del Río, J. et al.
S138                                                                                                                                         3rd ESTRO Forum 2015 
 
proposed screening methods, contributing to more evidence-
based follow-up programmes.  
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Purpose/Objective: This work presents a Monte Carlo 
method for calculating the factors required to perform 
reference dosimetry in a water phantom for two different 
designs of 192Ir Brachytherapy source used in the UK. The UK 
code of practice is an air-kerma based code however one 
sometimes wishes to perform reference dosimetry in a water 
phantom. We present a Monte Carlo calculation of the factors 
required to perform such measurements with an air-kerma 
calibration code. We present results with a thimble chamber 
calibrated at 10 cm with measurements at 2 cm in a water 
phantom. 
Materials and Methods: The Geant 4 framework (Agnostelli 
et al.) was used to produce a simulation of an 192Ir HDR 
Nucletron v2 microselectron source and a Varian Varisource. 
In the simulation the type of source and the position of the 
source relative to the chamber are definable at run-time. 
The source position is also a run-time definable quantity and 
so line sources can be created as a superposition of different 
source positions. The radioactive decay libraries in Geant 4 
were used to simulate the decay chain. A single calibration 
factor kch can be determined from a series of four simulations 
as shown in (Ma and Nahum, 1993), where Dw = MNkkch, Dw is 
the dose to water, M is the measured value and Nk the 
calibration factor. Alternatively kch can be calculated as the 
product of a series of factors (Reynaert et al. 1998). In this 
case kch is the product of stem and perturbation factors as 
well as a gradient correction, a correction for electron 
contamination due to high energy electrons from outside of 
the chamber and an angular response factor. 
Results: There was very little difference between the energy 
fluence spectra between the sources. The spectrum of the 
Nucletron source is slightly harder in air although this is not 
seen in water. Many of our factors can be broadly compared 
with those in Reynaert et al. for verification. At a distance of 
2 cm we found the gradient factor to be 1.11 for the 
Nucletron source, Reynaert et al. found this value to be 
1.077 at 2.5 cm and 1.36 and 1 cm. The fraction of dose 
deposited in the sensitive volume due to electrons from 
outside of the chamber is 1.5% at 2 cm in this study and 1.4% 
at 2.5 cm in Reynaert et al. The ratio (µen/ρ)w/air evaluated in 
water at cm is 1.100 for both Nucletron and Varian sources. 
For both sources this value is 1.109 at 2 cm in air. The 
product of the perturbation factor and the stem factor is 
1.019, with the Varian source this was increased slightly to 
1.028.  
Conclusions: Monte Carlo provides a method for performing 
reference dosimetry for tasks such as audits using non-
standard reference conditions. This can be done either by 
calculating factors required to calculate dose from an air 
kerma calibration or by direct Monte Carlo calculation of Nk 
from the dose deposited in the chamber. Having produced 
results broadly in agreement with previous work we are 
conducting experiments to verify our simulation more 
accurately. 
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Purpose/Objective: To study the behavior of the new 
SourceCheck 4Pi ionization chamber with the air density for 
low energy brachytherapy sources of I-125. 
Materials and Methods: Three PTW SourceCheck 4Pi 
chambers TW33005 were used with one electrometer PTW 
Unidos. As source, a I-125 selectSeed seed, manufactured by 
Isotron with an nominal air-kerma strength value of SK = 
0.610 cGy cm2/h was used. Barometer-thermometer-
hygrometer PCE_THB 40 was used inside a home-made 
pressurized chamber controlled by a vacuum pump. 
The direct measurements of the source used in this study 
must be corrected, according to our previous study of the 
preceding model of the SourceCheck chamber, with the 
following equation [1]: 
 
where there are two correction factors that depend on the 
air density.  
The first one is: 
 
that is actually the usual density correction factor, but 
explicitly written as a function of the air density inside the 
chamber, ρ, and the density of that air in normal conditions 
(P0=1013.25 hPa, T=293.15 K), ρ0. 
The second factor is an additional one that shows up as 
consequence of the combination of two facts: On one hand 
the range of the secondary electrons produced by the I-125 is 
of the order of the dimensions of the active volume, and 
therefore, the Bragg-Gray theory does not hold; and on the 
other hand, the chamber materials influence the 
measurement. As shown in [1]: 
 
Results: In the Figure, the results of the measurements for 
the I-125 made in the pressurized chamber are shown for 
different densities once they have been normalized and 
corrected by the pressure-temperature usual factor. The fits 
of Eq. (2) to these experimental data are also shown. The 
most relevant results are, firstly, the linear behavior of this 
dependence, and secondly, the coincidence, within the 
uncertainties, of the three chambers as far as their air 
density dependence is concerned. All uncertainties are 
associated to a coverage factor k=2. 
Figure also shows the air density dependence as described for 
the HDR1000 Plus chamber [2] fitted by means of the 
equation (2), instead of use the potential model of Griffin et 
al. [2]. The air density dependence for the chambers 
SourceCheck 4Pi and HDR1000 Plus follows the same trend, 
that is, they have the same direction, being nevertheless 
somehow smaller for the former. 
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Conclusions: The SourceCheck 4Pi ionization chamber shows 
an additional dependence with the air density which is 
clearly linear. The air density dependence of the three 
analyzed chambers can be represented by the same function, 
showing that there is not a significative variability between 
them regarding this dependence. 
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Purpose/Objective: A multicentre audit to evaluate HDR and 
PDR brachytherapy using alanine and ion chamber absolute 
dosimetry. This is the first National UK audit of its type, 
performed for both INTERLACE and non-INTERLACE study 
centres treating gynaecological tumours using brachytherapy. 
Materials and Methods: 45 UK brachytherapy centres were 
visited from October 2013 to August 2014. A variety of source 
types including: 7 Flexisource, 23 mHDR-v2, 11 GammaMed 
HDR Plus, 2 GammaMed PDR Plus, one VS2000 and one 
Co0.A86 were audited. A virtual line source was generated 
within each centre's planning system using 11 dwell positions, 
5 mm apart, and dwell times calculated to deliver 10 Gy 20 
mm away from the midpoint of the central dwell. This is 
equivalent to Point A of the Manchester system. The line 
source was delivered in a Solid WaterTM phantom [Aird et al, 
EP-1924. Radiat Oncol April 2014;111(S1):752] and absorbed 
dose measured with both an ion chamber (PTW TW30012) and 
alanine. Charge was measured in 3 positions (120° apart, 20 
mm from source) and averaged to reduce source geometric 
variations. A further measurement point was created at 50 
mm from the source to determine absorbed dose at the 
equivalent of Point B of the Manchester system. 
Results: Ion chamber measurements for all centres showed a 
mean difference (±sd) of +0.9% (±1.2) and +1.3% (±1.4) when 
compared to the centres' calculated dose at 20 mm and 50 
mm, respectively. The mean alanine measurement at Point A 
was +2.0% (±1.5). There was a noticeable difference between 
source types, see Table 1. Furthermore, there were large 
discrepancies in dose measured in each of the three holes 
due to positional variation of the source within the catheter 
and anisotropy of the source, ranging from +0.4 to 4.9% 
maximum difference between two holes. 
 
Conclusions: A comprehensive audit of absolute dose to 
water from a line brachytherapy source was performed 
showing all centres could deliver the prescribed dose to 
within 5%. There was a significant positional variation of the 
source detected in the measurements and differences were 
also seen between the source types.  
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Purpose/Objective: Due to the high risk of complications 
resulting from an incorrect treatment of High Dose Rate 
(HDR) Brachytherapy, it is essential that methods and 
instrumentation for quality assurance (QA) are available to 
medical physicists. Direct and accurate verification the 
treatment plan delivery and the functionality of the remote 
afterloader are of paramount importance in ensuring 
appropriate treatment. Currently, there are no 
comprehensive QA solutions available for HDR brachytherapy. 
Materials and Methods: A novel QA device, named 'magic 
phantom' (MPh), has been developed which will allow for the 
pre-treatment delivery verification of plans in HDR 
brachytherapy. It assesses source dwell positions and times, 
and potential differences in planned and calculated delivered 
dose. The MPh system comprises of a two-dimensional array 
of 121 silicon diode detectors with low noise and fast readout 
electronics, a measurement and analysis software toolkit, 
and a portable Perspex phantom. The detector array is 
inserted within the phantom, between two rows of HDR 
brachytherapy catheters, allowing for the verification of 
treatment plans with up to 20 catheters. 
A 20 catheter plan was generated to simulate a nonspecific 
patient treatment scenario. This was delivered to the MPh 
and using a developed four-dimensional source tracking 
algorithm, the treatment dwell position and times were 
determined in post-processing. A new metric, the 'position-
time gamma index', was developed to quantify the quality of 
the measured delivery when compared to the treatment 
plan. The original plan dwell positions and timing patterns 
were then modified to simulate multiple afterloader delivery 
errors. These changes were not disclosed to the investigators, 
and were to be determined by the MPh measurement. 
Results: The device was shown to determine dwell times as 
short as 0.06 s and dwell positions separated by 1 mm. For 
the original plan, the MPh measured all dwell positions and 
times, with the majority found to be within 0.93 mm and 
0.25 s from the planned, respectively. By assessing the 
altered plan and comparing it to the unmodified, the use of 
the position-time gamma index showed that all amendments 
made could be easily detected. Seen in Fig. 1, all 11 
